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(§) Tape guide. 

(g) A tape guide (17) includes a guide member 
(21) of a cylindrical configuration to guide a 
tape, an ultrasonic vibrator (24) secured to the 
guide member (21) to vibrate the guide member 
(21) in standingwaves configuration and a sup- 
porting member (19) to support the guide mem- 
ber (21). A rotation stop means (29, 32a) to 
prevent rotation of the guide member (2T) is 
formed on one of a pair of tape positron restrict- 
ing members (12, 14) in the width direction of 
the tape, whereby the number of the assembly 
parts of the tape guide can be kept small and 
the mechanism thereof can be simple allowing 
the tape guide to be miniaturised. The structure 
and the shape of the ultrasonic vibrator (24) are 
selected so that, even when the tape guide is 
miniaturised, a coefTicient of friction between 
the tape and the guide member (21) is an 
optimum value. 
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Th invention relates to a tape guide 

Such a tape guide may be used for example in a 
vid o tape recorder (VTR). 

Tape guides for use in video tape recorders can 
be roughly classified into rotary tape guides and fixed 
tape guides. 

Rotary tape guides are advantageous in that they 
impose less resistance to tape guided thereby. How- 
ever, the speeds of travel of the tape guided by the ro- 
tary tape guides tend to reflect irregularities in the 
rotational speeds of bearings used in the rotary tape 
guides. Furthenmore. if the direction In which a tape 
travels when it is guided by a fx>tary tape guide Is not 
perpendicular to the axis of rotation of the rotary tape 
guide, then the tape is subjected to a transverse force 
applied by the tape guide. This can cause the tape to 
be transversely shifted until an edge thereof is dam- 
aged by contact with a flange of the rotary tape guide. 
Therefore, rotary tape guides must be machined and 
assembled with high accuracy, and hence cannot be 
manufactured easily. 

Fbced tape guides allow tapes guided thereby to 
run stably, but present large resistance to running of 
the tapes. 

There has been a demand for a fixed tape guide 
which imposes only small resistance to a running 
tape. One of such fixed tape guides that meets such 
a demand is an air tape guide In which air is ejected 
from small holes in the surface of a guide body to float 
the tape off the guide body and thereby reduce the re- 
sistance applied to the tape. The air tape guide is still 
problematic since a compressor is required as an air 
pressure source. 

To eliminate the drawbacks of conventional tape 
guides, we have previously proposed an ultrasonic vi- 
bration tape guide as described in Japanese Patent 
Application No. 2-103627. The ultrasonic vibration 
tape guide employs ultrasonic energy to reduce resis- 
tance to a running tape while allowing the tape to run 
stably as with fbced tape guides. The ultrasonic vibra- 
tion tape guide is adjustable in height This previously- 
proposed ultrasonic vibration tape guide is described 
below with reference to Figure 1 of the accompanying 
drawings. 

As shown in Figure 1, an ultrasonic vibration tape 
guide 1 . includes a main shafts mounted vertically on 
a base 18, and an ultrasonic vibrator 3 fixed to a guide 
member 2 that is supported on support teeth 7b of a 
cylindrical support shaft 7. The assembled body of the 
guide member 2 and the ultrasonic vibrator 3 Is refer- 
red to as a guide member system. Lower and upper 
flanges 9 and 10 are disposed in abutment against 
lower and upper ends, respectively, of the support 
shaft 7, to guide opposite edges of a tape wound 
around the guide member 2. 

The main shaft 5 extends through the lower and 
upper flanges 9, 10 and the support shaft 7. A height 
adjustment screw 6 is fitted in an inner surface of the 



upper end of the support shaft 7, and threaded over 
a screw 23 fonmed on the upper end of the main shaft 
5. 

The upper flange 1 0 is fastened to an upper end 

5 surface of an attachment 8 by a screw 1 5. The lower 
flange 1 9 is fixed to a lower end surface of the attach- 
ment 8 by fixing pins 22, 24. 

The attachment 8 has an ultrasonic vibrator stor- 
age space 8a defined therein which houses the ultra- 

10 sonic vibrator 3 therein. As shown in Figure 2 of the 
accompanying drawings, the ultrasonic vibrator stor- 
age space 8a is defined as a recess in the shape of a 
rectangular parallelpiped between side walls 8b hav- 
ing respective stopper insertion holes 8c defined 

15 therein. 

Disc-shaped stoppers 39 made of rubber have 
engaging protrusions 39a fitted respectively in the 
stopper insertion holes 8c. The ultrasonic vibrator 3 is 
sandwiched between the stoppers 39 to prevent the 

20 guide member 2 from rotating. 

The attachment 8 keeps the lower and upper 
flanges 9, 10 parallel to each otKer and spaced from 
each other by a distance that is about 0.1mm larger 
than the length of the guide member 2. 

25 As shown in Figure 1, the lower flange 9 is nor- 

mally urged upwardly under the bias of a coil spring 
35 disposed around the main shaft 5 between the low- 
er flange 9 and the base 18. The base 18 has a pin 
Insertion hole 20 in which there is Inserted an end of 

30 the fixing pin 22 that projects downwardly from the 
lower surface of the lower flange 9. 

When the height adjustment screw 6 is turned, 
the guide member 2 is adjusted in height under or 
against the bias of the coil spring 35. 

35 Figure 3 of the accompanying drawings shows 

standing-wave vibrations caused by the guide mem- 
ber 2 when an AC voltage having a frequency corre- 
sponding to a resonant frequency of the guide 
member system is applied to the ultrasonic vibrator 3, 

40 the standing-wave vibrations being cut along lines X 
- X, developed and then illustrated. Dotted lines N - N 
represent nodes of the standing-wave vibrations on 
the guide members 2 where the vibrations have zero 
amplitude. The nodes N on the guide member 2 are 

45 axlally spaced from the ends of the guide member 2 
by the distance n, and the support teeth 7b are also 
axlally spaced from the ends of the guide member 2 
by the distance n, Le^ are positioned at the nodes N. 
Video tape recorders, which is one example of 

so video apparatus which can employ the tape guide de- 
vice 1 shown In Figure 1, have been required to be- 
come smaller In size recently, and such a demand 
consequently needs a tape of small size. The tape 
guide device 1 has also been required to be reduced 

55 in size. However, if th tape guide 1 is reduce in size 
without modification, then various problems, arise in 
the tape guide member. 

The tape gukle device 1 shown in Figure 1 must 
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keep the upper and lower flanges 1 0 and 9 parallel to 
each other and spaced from each other by the dis- 
tance of the length of th guide member plus about 

0. 1 mm. which requires the attachment 8 to be of high 
accuracy and also requires many assembly parts 
such as the screws and pins. As a consequence, the 
tape guide becomes large in size and hence cannot 
be reduced in size as desired. 

Further, the upper and lower flanges 10 and 9, 
which are used to define the transverse direction of 
the tape, are nonmally utilised under the condition 
such that either of the upper and lower flanges 10 and 
9 of the tape guide device 1 is brought into contact 
with the tape. Of the upper and lower flanges 10 and 
9. eitherflange In contact with the tape (upper or lower 
flange 1 0 or 9) must be made of a hard wearproof ma- 
terial because it is required to guide the tape for a long 
period of time. Such hard wear-proof nnaterial is gen- 
erally difficult to machine. Further, if a flange made of 
such material becomes complex in shape, it becomes 
expensive. For this reason, the previously-proposed 
tape guide device cannot be reduced in size as descri- 
bed above. 

Furthemiore, in the tape guide device 1 shown in 
Figure 1 . the shape of the upper flange 1 0 to guide the 
tape becomes complex as shown in Figure 2 and is 
not suitable for making the tape gukle 1 compact in 
size. 

Problems of the guide member vibrating member, 

1. the ultrasonic vibrator 3 are as follows: 

The surface of the ultrasonic vibrator 3 on 
which it is mounted on the guide member 2 is a curved 
surface of one end portion of a piezoelectric ceramic 
elem nt defined in correspondence with the diameter 
of the guide member 2. This curved surface is bonded 
to the outer circumferential surface of the guide mem- 
ber 2 as shown by a dotted line In Figure 1. 

However, if the curved surface is formed on one 
end portion of the piezoelectric ceramic element, then 
positive and negative electrodes are exposed and 
hence sometimes short-circuited. Further, If the guide 
member 2 is made of a conductive material, then a 
short-circuit occurs between the positive and negative 
lectrodes similarly as described above. 

Furthenmore. since the piezoelectric ceramic ele- 
ment is formed of laminated layers of the piezoelectric 
ceramic plate and positive and negative electrodes as 
described above, their surfaces associated with the 
outer circumferential surface of the guide member 2 
cannot be formed with high accuracy and also the pie- 
zoelectric ceramic element bonded to the guide mem- 
ber 2 tends to be peeled off. For this reason, the 
conventional tape guide device is not suitable for 
small video tape recorders. 

The ultrasonic vibrator 3 has further problems as 
follows: 

A length of the ultrasonic vibrator 3 in the ra- 
dius direction of the guide member 2, which is in con- 



tact with or bonded to and generates standing-waves 
in the guide member 2 considerably influences the In- 
crease or decrease of friction coefficient |i of friction 
generated by the contact of the tape with the guide 

5 member 2. Accordingly, the length of the ultrasonic vi- 
brator 3 extending in the diametrical direction of the 
guide member 2 is selected to be sufficient to mini- 
mise the friction coefficient ^ of frictton generated by 
the contact between the tape and the guide member 

10 2. 

However, in the tape guide device 1 shown in Fig- 
ure 1 , the length (shown by reference letter L in Figure 
1 ) of the ultrasonic vibrator 3 extending in the diamet- 
rical direction of the guide member 2 is not selected 

15 to be optimum, resulting in a deterioration in the effi- 
ciency with which the friction generated by the contact 
between the tape and the guide member 2 is reduced. 
There is then the disadvantage that the temperature 
on the ultrasonic vibrator 3 is Increased considerably. 

20 According to the invention there is provided a 

tape guide comprising a guide member of a cylindrical 
configuration to guide a tape; an ultrasonic vibrator 
secured to the guide member to vibrate the guide 
member standing-waves; a support to support the 

25 guide member; a pair of tape position restricting 
means to restrict the position of the tape with resp^ect 
to a transverse direction of the guide member; and ro- 
tation stop means provided on at least one of the pair 
of tape position restricting means to prevent the guide 

30 member from rotating. 

In such a tape guide the efficiency with which fric- 
tion generated between a tape and a guide member 
due to vibration of an ultrasonic vibrator is reduced 
can be maximised, thereby allowing a small and inex- 

36 pensive tape guide. 

Thus in a first aspect of the invention, a tape guide 
Includes a guide member of a cylindrical configuration 
for guiding a tape, an ultrasonic vibrator secured to 
the guide member for vibrating standing-waves and a 

40 support member for supporting the guide member. A 
rotation preventing means for preventing rotation of 
the guide member is formed on one of a pair of tape 
position restricting members. 

In a second aspect of the invention, the ultrasonic 

45 vibrator comprises a drive layer which is driven in re- 
sponse to the application of a drive signal and a non- 
drive layer which is not driven by the application of the 
drive signal, the non-drive layer being secured to the 
guide member. 

50 The length of the ultrasonic vibrator, measured 

from a position at which the ultrasonic vibrator is at- 
tached to the guide member in the diametrical direc- 
tion, is selected such that a coefficient of friction 
between the guide member and the tape falls in a 

55 range of from a minimum value to twice the minimum 
value. 

The invention is diagrammatically illustrated by 
way of xample in the accompanying drawings, in 
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which: 

Figure 1 is a cross-sectional view illustrating an 
example of a tape guide of previously proposed 
kind; 

Figure 2 is a plan view corresponding to Figure 1 ; 
Figure 3 is graph showing a vibrating condition of 
standing-waves used to explain the invention; 
Figure 4 is an exploded perspective view illustrat- 
ing a first embodiment of a tape guide according 
to the invention; 

Figure 5 is a cross-sectional view of the first em- 
bodiment of the tape guide according to the In- 
vention, and to which references will be made in 
explaining an assembly process thereof; 
Figure 6 is a plan view corresponding to Figure 5; 
Figure 7 is a cross-sectional side view illustrating 
a main portion of the first embodiment of the in- 
vention; 

Figure 8 is a cross-sectional side view illustrating 
a main portion of a second embodiment of a tape 
guide according to the invention; 
Figure 9 is a plan view of the second embodiment 
of the tape guide according to the invention; 
Figure 10 Is a cross-sectional side view illustrat- 
ing a third embodiment of the tape guide accord- 
ing to the invention; 

Figure 1 1 is a plan view corresponding to Figure 
10; 

Figure 12 is a perspective view illustrating a 
main portion of an ultrasonic vibrator; 
Figure 13 is a cross-sectional view illustrating the 
structure of the ultrasonic vibrator of Figure 12; 
and 

Figures 14 and 15 are graphs used to explain op- 
eration of a tape guide according to the invention. 
The Invention wil now be described In detail with 
reference to the accompanying drawings. 

As shown In Figures 4 to 7, a tape guide 17 in- 
cludes a ceramic guide member 21, an ultrasonic vi- 
brator 24 and a support shaft ig. Annular supporting 
protrusions 1 9b are formed on the outer surface of the 
support shaft 19 at equal distances n from the ends 
as shown in Figure 4. An upper flange 1 2 is provided 
as a guide flange and a rotation stop member 14 Is 
unltarily fonmed with a lower flange 14d. A stopper 
plate 28 Is secured to the rotation stop member 14 by 
fitting a screw 27 into a tapped hole 14b of the rotation 
stop member 14. An ultrasonic vibrator 24 disposed 
at a predetermined position of the rotation stop mem- 
ber 14 Is held by the stopper plate 28. Further, one 
end fiace of the ultrasonic vibrator 24 is bonded to the 
surface of the guide member 21 , for example, thereby 
to prevent the guide member 21 from rotating. A ter- 
minal plate 25 is secured to the rotation stop member 
14 byfitting screws 28 into tapped holes of the rotation 
stop nvsmber 14. A rotation stop pin 29 co-operates 
with a Dase 32 (see Figure 5) to prevent the tape guide 
17 from rotating. 
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The material of the guide member 21 is not limited 
to the above-mentioned ceramic material and the 
guide member 21 might be formed of a conductive 
ceramic material mainly made of alumina with the ad- 
5 dition of titanium oxide. Thus, the occurrence of static 
electricity can be avoided thereby allowing the tape to 
run stably. When the guide member 21 is made of a 
conductive material, a ground material for grounding 
the guide member 21 must be provided. Further, the 

10 supporting protrusions 19b might be made of a soft 
material such as rubber or plastics. If the supporting 
protrusions 19b are made of such soft material, then 
noise between the guide member 21 and the support- 
ing protrusions 19b can be avoided. 

15 When the tape guide 17 is assembled, a lower 

stepped portion 19a formed on the end face of the 
support shaft 1 9 is engaged in a hole 14e of the rota- 
tion preventing member 14, the guide member 21 is 
engaged over the support shaft 19, the ultrasonic vi- 

20 brator 24 is sandwiched between a concave portion 
14a of the rotation preventing member 14 and the 
stopper plate 28, the upper flange 12 Is fitted onto an 
upper stepped portion 1 9a of the support shaft 1 9 and 
lead wires 30a. 30b. of the ultrasonic vibrator 24 are 

25 coupled to the terminal plate 25 by a suitable process 
such as soldering for example. As shown in Figure 4, 
in this embodiment, the length a of the support shaft 
1 9, excluding the stepped portions 1 9a formed on the 
respective ends of the support shaft 19, is selected to 

30 be longer than the length b of the guide member 21 
by about 0.1mm and is selected to be shorter than a 
distance between the upper flange 12 and the lower 
flange 14d by about 0.1mm. 

Figure 5 of the accompanying drawings shows 

35 the tape guide 17 mounted on the base 32 after the 
assembly process thereof Is finished. 

Upon assembly, a main shaft 33 (see Figure 7) is 
vertically attached to the base 32. A coil spring 34 is 
inserted into the main shaft 33, a hollow portion 19c 

40 (see Figure 4) of the su pport shaft 1 9 of tfie tape guide 
1 7 is Inserted Into the main shaft 33. and the rotation 
stop pin 29 is fitted into a hole 32a bored in the base 
32. Thereafter, a height adjustment screw 36 is 
screwed Into a screw portion 33a formed In the end 

45 portion of the main shaft 33. 

When the height adjustment screw 36 is turned, 
the height of the tape guide device 1 7 can be adjusted 
under or against tfie spring-biasing force of the coll 
spring 34. The height adjustment range Is about 

so 0.5mm. Since the rotation stop pin 29 is fitted into the 
hole 32a of the base 32 by a depth of about 2mm. for 
example, the tape guide device 17 can be prevented 
from rotating about the main shaft 33 while the height 
thereof is adjusted. 

55 At the completion of the height adjustment the 

screw portion 33a of the main shaft 33 is fastened by 
a locldng screw 37, tiiereby to prev nt the height ad- 
justment screw 36 from rotating. Figure 6 is a top view 

4 
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of the tape guid device 1 7 shown in figure 5, and Fig- 
ure 7 is a side view of the tape guide device 17 shown 
in Figure 5 as seen in the direction of the terminal plate 
25. 

When AC voltage from the video tape recorder s 
body, for example, is supplied to the ultrasonic vibra- 
tor 24 through the lead wires 30a, 30b, then standing- 
waves occur in the guide member 21 . A coefficient of 
friction of contact of the tape and the guide memt)er 
21 when the tape is guided and transported by the io 
tape guide 17 is reduced to a small fraction of that 
generated when the AC voltage is not supplied to the 
ultrasonic vibrator 24. 

The standing- waves produced in the guide mem- 
ber 21 are represented In Figure 3. The supporting is 
protrusions 19b in this embodiment are attached to 
the guide member 21 at the positions distant from the 
respective end faces thereof by the equal distance of 
about n as shown in Figure 4. 

Further, the upperflange 12 can be made circular 20 
In shape as shown in Figure 4, and the rotation stop 
member 14 can be manufactured by a plastics mould- 
ing or die casting. 

Figures 8 and 9 show a second embodiment hav- 
ing a tape guide 1 30 and a rotation preventing pin 1 34 25 
formed on a lower flange 132b. 

The tape guide 130 comprises a base 143, a main 
shaft 131 attached to the base 143, a guide member 
141 made of ceramics, for example, an ultrasonic vi- 
brator 144, a support shaft 139, upper and lower flang- 30 
es 132a and 132b, resin support rings 146 fitted into 
a concave portion 139b formed on the support shaft 
139 at Its predetenmined positions, a height adjust- 
ment screw 136 engaged with a screw portion 146 
formed on the end portion of the main shaft 1 31 , a coil 35 
spring 147 and a rotation stop pin 1 34 inserted into the 
lower flange 132b. One end of the rotation stop pin 
1 34 is fitted into a hole 1 43a t>ored in the base 1 43 and 
the other end thereof is fitted into a recess 141a 
formed in the end portion of the guide member 141 .~ 40 

The length of the support shaft 139 is selected to 
be longer than that of the guide member 141 by atxjut 
0.1mm and is also selected to be shorter than the 
length between the upper and lower flanges 132a and 
1 32b by about 0. 1 mm. The assembly process or the 45 
like of the tape guide 130 is substantially the same as 
that of the tape guide device 17 shown in Figure 4 and 
therefore need not be described, in detail. 

When tfie height adjustment screw 136 is turned, 
then the height of the tape guide device 130 can be so 
adjusted under or against the spring-biasing force of 
the coil spring 147. The height of the tape guide de- 
vic 130 can be adjusted over a range of about 
0.5mm. In this case, since the rotation stop pin 134 is 

ngaged into the hole 143a of the base 143 by a depth 55 
of at>out 3mm, for exampi . the tape guide device 1 30 
can be prevent d from rotating about the main shaft 
131 while the height thereof is adjusted. 



Further, the upper and lower flanges 132a and 
132b can be made circular In shape as shown in Fig- 
ure 9. 

In the third embodiment, described with reference 
to Figure 10 and 11, a rotation stop pin 156 is fitted 
into a boss 154a which also serves as a lower flange. 

As shown in Figure 1 0. a tape guide 1 50 compris- 
es a base 151 , a main shaft 1 54 attached to the base 
1 51 , a guide member 1 52 made of ceramics, an ultra- 
sonic vibrator 153, ttie boss 154afonmed on tfie main 
shaft 154, supporting protrusions 154b formed on the 
main shaft 154 at predetermined positions thereof, a 
lock nut 155 fitted into a screw portion 1 54d formed on 
the end portion of the main shaft 1 54 and the rotation 
stop pin 156 vertically provided on the boss 154a. The 
end portion of the rotation stop pin 156 is inserted into 
a recess 152a fonned in the end portion of the guide 
member 152. 

As can be seen In Figure 1 0, according to this env 
bodiment, a distance a between the upper end of the 
boss 154a and a shoulder portion 154c of the main 
shaft 1 54 relative to the length b of the guide member 
152 Is selected so as to satisfy an equality of a = b + 
0.1. In tiiis case, the lock nut 155 is stopped at the 
shoulder portion 154c so that, when the guide mem- 
ber 152 is sandwiched t>etween the upper end of the 
boss 154a and the lower end of the lock nut 155, a 
clearance of about 0.1mm Is produced therebetween. 

Further, there is a very small clearance between 
an inner periphery of the guide member 152 and an 
outer periphery of the main shaft 154, whereby the 
guide member 152 can rotate about the main shaft 
154 freely. In this case, however, since the rotation 
stop pin 166 Is inserted into the recess 152a by a 
depth of about 0.5mm. the guide member 152 can be 
prevented from rotating about the main shaft 154. 

With the rotation stop mechanism for the guide 
member described the number of the assembly parts 
of this tape guide can be reduced and the mechanism 
thereof can be simplifled. which can provide a small 
and inexpensive tape guide. 

The ultrasonic vibrator, for example tiie ultrasonic 
vibrator 24 of Figures 4 to 7, can be constructed as 
shown in Figures 12 and 13. 

In Figure 12, a piezoelectric ceramic element 50 
has a number of piezoelectric ceramic plates 50e with 
positive and negative electrodes 50a and 50blnter- 
posed alternately with a clearance of 0.1mm there- 
between. The positive electrodes 50a are electrically 
connected to a positive elecfrode plate 50c located on 
one side surface, and the negative electrodes 50b are 
electrically connected to a negative electrode plate 
50d located on another side surface. 

As shown in Figure 12. the positive electrode 
plate 50c is disposed on the upper surface portion of 
the piezoelectric ceramic element 50, a positive elec- 
trode side lead wire 24a is coupled to the positive 
electrode plate 50c, tiie negative electrode plate 50d 
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is dispos d on the lower surface portion of the piezo- 
electric c ramie element 50 and a negative electrode 
side lead wire 24b is coupled to the negative electrode 
plate 50d. A piezoelectric ceramic dummy layer 51 
having no electrode, for example, is secured to one 
end face of the piezoelectric ceramic element 50 and 
a fixing member 52 such as an aluminium extrusion 
moulded member, a ceramic moulded member or the 
like is secured to the dummy layer 51. The opposite 
side of the fixing member 52 to that at which the fixing 
member 52 is secured to the dummy layer 51 is 
formed as a curved fixing surface 52a to be secured 
to the outer circumferential surface of the guide mem- 
ber 21. A piezoelectric ceramic dummy layer 53 hav- 
ing no electrode, for example, is secured to the outer 
end face of the piezoelectric ceramic element 50. 

As shown in Figure 13. one end portion of the ul- 
trasonic vibrator 24, Le^ the side of the ultrasonic vi- 
brator 24 at which the ultrasonic vibrator 24 is secured 
to the guide member 21 shown by a dotted circle, is 
formed as a conicai-shaped portion which is reduced 
in diameter from the dummy layer 51 towards the fix- 
ing surface 52a. The reason for this is to reduce an 
area of the fixing surface 52a secured to the guide 
member 21 whOe keeping a large cross section of the 
piezoelectric ceramic element 50 in order to obtain a 
drive power. This area of the fixing surface 52a may 
be selected to be 9nrvn3 relative to a cross sectk>n of 
25mm2 of the piezoelectric ceramic element 50, for 
example. If the area of the fixing surface 52a is re- 
duced, then the waveform of the standing-wave gen- 
erated in the guide member 21 is prevented from 
being approximated to a standing- wave generated 
when the guide member 21 is resonated alone, there- 
by improving efficiency. Furthermore, if the area of the 
fixing surface 52a of the fixing member 52, which is 
the fixing portion secured to the guide member 21, is 
reduced, then an internal stress generated by a differ- 
ence between thermal expansion coefficients of the 
guide member 21 and of the fixing member 52 can be 
reduced and the ultrasonic vit>rator 24 can be prevent- 
ed from becoming detached from the guide member 
21. 

While the fixing member 52 such as the alumini- 
um extrusion moulded member, the ceramic material 
member or the like can be secured to the piezoelectric 
ceramic dummy layer 51 having no electrode, for ex- 
ample, as described above, the fixing member 52 is 
not limited thereto and might be formed by moulding 
the dummy layer 51 and the fixing member 52 unitarily 
from ceramics or the like, which can make the tape 
guide apparatus more inexpensive. 

Further, the length L of the ultrasonic vibrator 24, 
measured from the position at which the ultrasonic vi- 
brator 24 is secured to the guide member 21. in the 
diametrical direction is selected to be optimum so that 
the frictk>n coefficient of the friction generated when 
the tape and the guide member 21 contact with each 



other is minimised. 

Figure 3 of the accompanying drawings shows 
the condition of the standing-wave vibrations caused 
by the guide member 21 when AC voltage is applied 

5 to the ultrasonic vibrator 24. In Figure 3, the ordinate 
represents a displacement in the radial direction and 
this condition represents the condition such that the 
ultrasonic vibrator 24 vibrates up to the maximum am- 
plitude position of the vibration cycle. Therefore, the 

10 vibration is displaced to the position shown by broken 
lines in Figure 3 after one-half cyde. 

The dotted lines N - N represent nodes on the 
guide member 21 where the vibrations have zero anv 
plitude. The nodes N on the guide member 21 are 

IS each axially spaced firom the respective end of the 
guide member 21 by a distance n. and the support 
protrusions 1 9b are also axially spaced from the ends 
of the guide member 21 by the distance n as shown 
in Figure 4. 

20 The magnitude of the amplitude is substantially 

proportional to the magnitude of the Input voltage, 
while the coefficient of friction becomes small in pro- 
portion to the magnitude of the amplitude. Therefore, 
in order to reduce the coefficient of friction, the mag- 

25 nitude of the input voltage must be increased. The 
length L of the ultrasonic vibrator 24, measured firom 
the positton at which the ultrasonic vibrator 24 is at- 
tached to the guide member 21, in the diametrical di- 
rection as shown in Figure 1 is enumerated as one of 

30 important factors associated with the degree of fric- 
tion coefficient 

Figure 14 shows curves of measured results in a 
graph having a left-hand vertical axis representative 
of the friction coefficient \x and a horizontal axis rep- 

35 resentative of the length L (mm) of the ultrasonic vi- 
brator 24, from the position at which the ultrasonic 
vibrator 24 is attached to the guide member 21 , in the 
diametrical direction when voltages 0.4 (W), 0.6 (W) 
and 0.8 (W) are applied to the ultrasonic vibrator 24, 

40 respectively. 

Study of Figure 14 indicates that the friction coef- 
ficient \i is constantly minimised regardless of the 
change of the value of the input voltage when the 
length L of the ultrasonic vibrator 24 in which the ul- 

45 trasonic vibrator 24 is attached to the guide member 
21 in the diametrical direction is 4.5mm. 

Figure 15 shows curves of measured results in a 
graph having a left-hand vertical axis representative 
of the rise of temperature (**C) as compared with the 

50 case that no voltage is applied to the ultrasonic vibra- 
tor 24 and a horizontal axis representative of the 
length L (mm) of the ultrasonic vibrator 24, from the 
position at which the ultrasonic vibrator 24 is attached 
to the guide member 21, in the diametrical direction 

55 when voltages 0.4 (\A0. 0.6 (W) and 0.8 (W) are ap- 
plied to the ultrasonic vibrator 24, respectively. 

Study of F^ure 15 indicates that the rise of tem- 
perature as compared with the case such that no vol- 
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tage is applied to the ultrasonic vibrator 24 is con- 
stantly minimised regardless of the change of the val- 
ue of the input voltage when the length L of the 
ultrasonic vibrator 24 is 4.5mm. 

The measured data in Figures 14 and 15 was ob- 
tained when the guide member 21 was 5mm in inner 
diameter, 7mm in outer diameter and 19.5mm in 
length, for example. Accordingly, the length L has an 
optimum value associated with the dimension of the 
guide member 21 so as to minimise the friction coef- 
ficient ^ , and this optimum value of the length L can 
be calculated as: 

(outer diameter + inner diameter) of the guide 
member/2.5 

Furthemfiore, as is clear from Figures 13 and 14, 
a value of the friction coefficient \i of approximately ± 
30% relative to the optimum length L of the ultrasonic 
vibrator 24 can be employed in actual practice. 

If L is the length of the ultrasonic vibrator 24 from 
the position at which the ultrasonic vibrator 24 is at- 
tached to the guide member 21 in the diametrical di- 
rection. D is the outer diameter of the guide member 
21 and d is the inner diameter of the guide memt>er 
21. Then, the optimum length L of the ultrasonic vibra- 
tor 24 Is expressed as: 

(D + d) X 0.2 ^ L ^ (D + d) X 0.5 

When AC voltage from the video tape recorder 
body, for example is supplied through the lead wires 
30a, 30b, to the ultrasonic vibrator 24 of the tape guide 
device 21, the guide member 21 is 5mm in inner di- 
ameter, 7mm in outer diameter and 19.5mm in length 
and the length L of the ultrasonic vibrator 24 is 4.5mm, 
standing-waves are generated in the guide memt>er 
21. 

The friction coefflclent of the friction generated by 
contact between the tape and the tape guide when the 
tape is guided by the tape guide 17 to run in this con- 
dition is reduced to a very small fraction of that of the 
case where AC voltage is not supplied to the ultrasorv 
ic vibrator 24. 

Furthenmore, since the length L of the ultrasonic 
vibrator Is selected to be optimum on the basis of the 
equation (D + d) x 0.2 ^ L ^ (D + d) x 0.5 where L is 
the length of the ultrasonic vibrator 24, D is the outer 
diameter of the guide member 21 and d is the inner 
diameter of the guide member 21, the length of the ul- 
trasonic vibrator 24 is optimised and efficiency at 
which the friction generated by the contact of the tape 
and the guide member 24 Is reduced is maximised, 
whereby suppression of the rise of temperature in the 
ultrasonic vibrator 24 is a maximum. 



Claims 

1. A tape guide (17, 130, 150) comprising a guide 
member (21, 141. 152) of a cylindrical configura- 
tion to guide a tape; an ultrasonic vibrator (24, 



144, 153) secured to the guide member (21. 141. 
152) to vibrate the guide member standing-wa- 
ves; a support (19, 139, 154) to support the guide 
member (21, 141, 152); a pair of tape position re- 

5 stricting means (12, 14d, 132a. 132b, 154a, 155) 

to restrict the position of the tape with respect to 
a transverse direction of the guide member (21, 
141, 152); and rotation stop means (29, 134, 156) 
provided on at least one of the pair of tape posi- 

10 tion restricting means (1 2, 1 4d, 1 32a, 1 32b, 1 54a. 

155) to prevent the guide member (21, 141, 152) 
from rotating. 

2. A tape guide according to daim 1 , wherein the ro- 
15 tation stop means comprises a pin member (29, 

134. 156) provided on the tape position restricting 
means located on a base (32, 143, 151) to which 
the support member (1 9, 1 39, 1 54) is secured and 
an engaging member (32a, 143a) at a predeter- 
20 mined position of the base (32, 143, 151) to en- 

gage the pin member (29, 1 34, 1 56). 

3. A tape guide according to daim 2, wherein the ro- 
tation preventing means indudes a rotation stop 

25 member (28) provided on the tape position re- 

stricting member (14) on the base side to contact 
the ultrasonic vibrator (24) so that the ultrasonic 
vibrator (24) is prevented from rotating. 

30 4. A tape guide according to daim 2, wherein the ro- 
tation preventing means indudes a recess por- 
tion (141a) formed on the guide member (152) 
and to which the pin member (134) is fitted. 

35 5, A tape guide according to daim 1 , wherein the ul- 
trasonic vibrator (24) comprises a drive layer (50) 
which is driven in response to the application of 
a drive signal and a non-drive layer (51) which is 
not driven by the application of the drive signal, 

40 the non-drive layer (51) being secured to the 

guide member (21). 

6. A tape guide according to daim 5, wherein an 
area (52a) at which the non-drive layer contacts 

45 the guide member (21) is smaller than an area in 

which the non-drive layer (51) contacts the drive 
layer (50) in the ultrasonic vibrator (24). 

7. A tape guide according to claim 5, wherein the 
so guide member (21) is made of a conductive ma- 
terial. 

8. A tape guide according to claim 1. wherein a 
length (L) of the ultrasonic vibrator, measured 

55 from a position at which the ultrasonic vibrator 

(24) is attached to the guide member (21), in the 
diametrical direction is selected such that a coef- 
fident of friction between the guide member 

7 
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(21) and the tape falls in a range of from a mini- 
mum value to twice the minimum value. 

9. A tape guide according to claim 1, wherein the 

support member (1 9, 1 39, 1 54) comprises a short 5 
shaft (33, 131, 154) vertically secured to a base 
(32, 141, 141) and annular-shaped guide support 
means (19b, 145, 154b) made of a soft material 
provided on the support shaft (33, 1 31 , 1 54) in an 
opposing relation to nodes of standing-waves. io 
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FIG. 2 
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FIG. 5 




13 




FIG. 8 
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FIG. 9 
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FIG. 12 
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@ Tape guide. 

@ A tape guide (17) includes a guide member 
(21) of a cylindrical configuration to guide a 
tape, an ultrasonic vibrator (24) secured to the 
guide member (21) to vibrate the guide member 
(21) in standingwaves configuration and a sup- 
porting member (19) to support the guide menrv 
ber (21). A rotation stop means (29. 32a) to 
prevent rotation of the guide member (21) is 
formed on one of a pair of tape position restrict- 
ing members (12, 14) in the width direction of 
the tape, whereby the number of the ass mbly 
parts of the tape guide can be kept small and 
the mechanism thereof can be simple allowing 
the tape guide to be miniaturised. The structure 
and the shape of the ultrasonic vibrator (24) are 
sel ct d so that, even when the tape guide is 



miniaturised, a coefficient of friction between 
the tape and the guide member (21) is an 
optimum value. 



FIG. 5 
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